CdSe nanocrystals typically grow as nearly spherical quantum dots. This seems to contradict the predictions of our model. Thus, the question arises why do some reaction conditions lead to quantum dots and some to NPLs for the same material.
We note that the selectivity leading to NPLs will only appear if the surface reactions are the rate-limiting steps in the overall growth process. To correctly describe crystal growth we must regard the overall incorporation reaction of a monomer from solution into a crystal surface as a two-step process: (i) Diffusion from the solution to the crystal surface , is described by
where D , δ , c . , and c surf,# are the diffusion coefficient in solution, the diffusion-layer thickness, the monomer concentration far away from the surface, and the monomer concentration at the surface, respectively. (ii) Incorporation of the monomer into the surface , which we treat as a general -th order reaction, is described by
where k surf,# is the surface-reaction constant.
Under steady-state conditions the two rates r diff and r surf must be equal:
If the reaction is diffusion-limited then k surf,# ≫ D δ , meaning that c surf,# ≪ c . .
Consequently, the growth rates for all surfaces are approximately given by D ' * + and no selectivity will be observed. In this diffusion-limited case, the obtained crystals will have a nearly spherical shape because diffusion in liquids is usually isotropic. This is the condition under which we can expect quantum dots.
On the other hand, if the overall reaction is limited by the surface incorporation, we find:
k surf,# ≪ D δ, resulting in a surface concentration given by c surf,# ≈ c . . Then the reaction rate for facet is given by:
In this surface-reaction-limited case, clear selectivity would result. A larger surfacereaction constant k surf,# will lead to faster growth. This is the limit under which we expect the growth of nanoplatelets.
b. Model of two-dimensional nucleation and growth of nanoplatelets. Here we provide further details about our evaluation of the nucleation barriers to form islands on surfaces.
We assume that the change in energy upon island nucleation depends on the change in total crystal volume (∆ ), surface area (∆ ), and edge length (∆ ): 
The shape of a growing island evolves so as to minimize its formation energy at every point along a generalized reaction coordinate, which we take to be the projected area, a, of the island:
The solution of Eq. (S8) describes the minimum energy path for the formation reaction of a stable island. The maximum of this curve, if it exists, corresponds to the nucleation barrier, ∆ barrier . We evaluate the formation energy of the most stable island with a given area and underlying surface shape under our assumption that the crystallite is bounded by {001} facets. We find that the solution of Eq. (S8) depends on the facet dimensions. On wide facets, for which the characteristic size of the island is smaller than the facet thickness, we assume for simplicity a rectangular island originating from a corner of the facet (see Fig.   3a in the main text). The formation energy is minimized for a square island of edge length, , leading to:
For sufficiently large islands on narrow facets, the most stable island has a rectangular shape covering the full width of the facet (see Fig. 3a To calculate the surface energy ? we used a 4-monolayer-thick CdSe slab in vacuum with
Cd-terminated {001} surfaces on both sides passivated with acetate ions (see Supplementary Fig. 15 ). We obtained ? = 5.7 meV Å o , the value used in the main text. As expected, this value is much lower than typical surface energies for unpassivated surfaces.
To define the edge energy @ we used three islands of different width (Supplementary Fig.   16b -d) and took the average as a single representative value appropriate for small islands.
This average is @ = 37 stu Å , the value used in the main text. We caution that the high and low values (47 and 24 meV/Å) are quite different from this average, and hence the results should be understood as trends rather than precise values.
Finally, we turn to the volume energy = . Crystals form from supersaturated melts or solutions because a thermodynamic driving force exists for a monomer in the solution/melt to incorporate into the crystal. In our model the energy gain per monomer incorporated into a bulk crystal is given by ^= , where ^ is the volume of a monomer in bulk CdSe. While
? and @ can be estimated from DFT calculations for well-defined structures, this is less straightforward for = because the melt is difficult to model. Thus, instead of DFT, we used experimental observations to estimate the value of = .
From the experimental absence of CdSe nanoplatelets with thicknesses above 5 monolayers we conclude that for the related surface widths ( > 5 ) no kinetic instabilities exist. Accordingly, the critical-sized wide-facet island will form before the narrow-facet regime is reached. We assumed that for the thinnest non-existing population with a thickness of 6 monolayers the narrow-facet regime starts exactly when the island area coincides with that of the critical-sized wide-facet island:
From the solution of Eq. (S17) we find = = −2.2 meV Å x , which is the value we used to evaluate our results shown in Fig. 3b . 
max : Maximum observed nanoplatelet thickness in monolayers.
d. Simple kinetic model of reversible crystal growth. The nucleation model presented in Supplementary Section 1.b explains why growth is faster on thin facets, assuming an overall driving force for growth exists. However, it does not take into account the reversibility of the growth or the fact that thermodynamic driving forces may change throughout the reaction, for example, by the decaying supersaturation of reactants. To address this, we developed a simple kinetic model to describe the temporal evolution of five different populations: free monomers ( C ) and monomers embedded in NPLs with thicknesses from 2 to 5 monolayers ( F)Ö ). NPLs thinner than 2 monolayers are not stable, and under the given reaction conditions, no kinetic growth instability exists for thicker ones.
To begin, we constrain our system by the mass conservation law:
We describe attachment and detachment reactions of monomers on the crystal surfaces as first-order processes. This means that we assume that on a nanoplatelet ( = 2, 3, 4, 5) the attachment rate is proportional to the free-monomer concentration and the detachment rate is proportional to the bound-monomer concentration:
where ^ and )^ are the rate constants for attachment and detachment, respectively.
Based on (S18) and (S19) we can also express C in its derivative form:
This set of differential equations in matrix notation is (ã C = tot ):
or written in compact form:
This problem can be diagonalized using the unitary matrix which contains column-wise the eigenvectors of : is a diagonal matrix containing the eigenvalues of . Having uncoupled the set of differential equations they can be solved separately:
To find the values # 0 we need to evaluate the coordinate transformation at = 0 for which we know that all monomers ( tot ) are in their free form:
Finally, we obtain the solution by reversing the transformation from above:
We next need to evaluate ^ and )^. Monomer attachment and detachment occur on kink sites along surface steps at the edges of islands S4,S5,S6 . The number of such islands is proportional to the rate at which they are nucleated, i.e., exp − ∆`à barrier 3ó
, where ∆b arrier is the island nucleation barrier, k is the Boltzmann constant, and T is absolute temperature.
The rates of monomer attachment and detachment are proportional to the island number and the facet thickness m:
The prefactor C includes all terms in the rate constant that are assumed to be equal for the various reactions, and ^ accounts for the additional energy penalty to detach a monomer from its bound state in the nanoplatelet, making the detachment reaction slower.
Since the ratio ^)^ is equal to the equilibrium constant, we find for ^:
with ∆ c,^ being the reaction energy per monomer in the limit of large platelets.
The remaining free parameter, C , was used to fit the solution of this set of ordinary differential equations to the experimentally recorded absorption spectra ( We now consider our assumption of first-order kinetics for monomer incorporation and dissolution. Derivations of explicit nucleation rates reveal second-order kinetics S7 and the rate of dissolution is proportional to the amount of exposed monomers on the reactive surface rather than to the total amount of monomers in the NPLs. Since the reactive surface involves the few-monolayer-thick side facets, its area is proportional to Â F .
These considerations lead to kinetics very different from first order:
In Supplementary Fig. 17 , we show a comparison of numerical solutions for our first-orderkinetics model and the more advanced model based on the same set of reaction constants, ^ and )^. We can clearly observe the same qualitative behavior in both cases. In the more realistic model, the equilibrium conditions have changed due to the reaction order:
which leads to an equilibrium ratio between populations and that is squared compared to the first-order model:
The important point is that the simplified first-order model predicts the same qualitative behavior as the higher-order model. The former only slightly underestimates the selectivity of the synthesis.
e. Calculation of the surfactant desorption barriers. We evaluated the activation barriers for desorption of the surfactants from the NPL surface to better understand where CdSe monomers are most likely to adsorb during growth. We found that monomers preferentially adsorb near steps, which is consistent with the growth model described in the main text.
To evaluate the barrier for an acetate (or Cd acetate) to desorb from the CdSe surface we determined the minimum-energy reaction path using the nudged-elastic-band (NEB) method as implemented in VASP S8 . We used 9 NEB images between the two endpoints of the reaction coordinates; this identifies the transition state with sufficient accuracy for our purposes. The specific reactions we investigated included: (i) acetate desorption from a flat surface, (ii) Cd acetate desorption from a flat surface, and (iii) acetate desorption from a step. Initial and final structures and the corresponding minimum energy paths of these reactions are shown in Supplementary Fig. 18 .
f. Kinetic Monte Carlo simulations of nanoplatelet growth. Atomistic simulations provide an independent way to validate our explanation of the instability that leads to NPLs. We thus applied the kinetic Monte Carlo (kMC) method to NPL growth. We considered only adsorption and desorption of monomers, but not their diffusion (either on the surface of the nanocrystal or in solution). We treated monomer adsorption and desorption as thermally activated processes with Arrhenius-type reaction rates. In the real system, the adsorption of a CdSe monomer requires three separate steps: (i) desorption of a surfactant molecule to expose a surface site, (ii) adsorption of a monomer onto that site, and (iii) re-adsorption of a surfactant molecule to maintain the passivated surface. Of these three steps only the first has an energy barrier. Therefore, the effective barrier for adding a monomer to a surface site ∆ ads barrier is given by the barrier for desorbing a surfactant molecule. We obtained these barriers from DFT/NEB calculations as discussed in the previous section. The results showed a strong preference of monomer adsorption on a step edge (∆ ads barrier = 1.2 eV) compared to a flat crystal surface (∆ ads barrier = 2.1 eV).
The desorption of a CdSe monomer also requires three steps: (i) desorption of the surfactant molecule, (ii) desorption of a monomer molecule, and (iii) re-adsorption of a surfactant. Two of these steps have a barrier, namely desorption of the surfactant and of the monomer. Compared to surfactants, monomers have a local environment which is much more variable -with 6 nearest-neighbor sites already in a simple cubic structureleading to a large number of distinct scenarios. Instead of investigating each of these scenarios by DFT, we used a simplified model to estimate these site-dependent desorption barriers. First, we assumed that monomer and surfactant desorb together as a complex.
Furthermore, we assumed that the transition state of this reaction is reached when the monomer and surfactant have broken their bond to the surface, but no surfactant has yet
adsorbed at the open site left behind. As a consequence (see the schematic potentialenergy surface in Supplementary Fig. 19 ), the barrier for monomer desorption can be easily estimated from the barrier for adsorption if the energy difference ∆ des between the two endpoints of the reaction is also known. Thus we have:
It is straightforward to evaluate the energy difference ∆ des for any given local environment of a monomer. To do this, we used a modified bond-counting model based on a lattice of monomers. This model gives desorption barriers ranging from 0.1 eV for a single monomer sitting on a corner of a flat surface to 2.3 eV for a monomer incorporated in a flat surface.
Each monomer in the nanocrystal makes ´ bonds (from 1 to 6) to its nearest neighbors.
When a monomer is removed from the nanocrystal these bonds are broken and the monomer is considered "dissolved" in the melt (or solvent). Hence, desorption raises the energy of the system by ´´ and lowers it by , where < 0 is the chemical potential of the dissolved monomer. We modified this standard bond-counting model by including an additional term arising from the energy per unit length @ of the exposed edges of the nanocrystal; this parameter has the same value as in the main text, @ = 37 stu Å . Hence the energy change upon monomer desorption is
Finally, from expression (S36) follows a standard Arrhenius relationship between ∞t± and ≤∞± S4,S5,S6 :
We now show that by enforcing the equivalence of the discrete expression (S36) with our continuum model (in the main text) for the energy of a nanocrystal, we can obtain the parameters ´ and from the continuum parameters = and ? .
To do this, we equate the two different expressions for the energy of a general crystallite built from monomer cubes with volume ^. We begin with the continuum description. We group the monomers comprising the crystallite according to the number of their nearest neighbors: A monomers with one nearest neighbor, F monomers with two nearest neighbors, etc. Monomers with fewer than six nearest neighbors lead to a monomer face being exposed at the crystallite surface. Hence, a monomer with nearest neighbors has 6 − exposed square surfaces, each with area F /å . Accordingly, the total energy is
where is the total edge length of the crystallite.
We now make the same evaluation using the discrete expression (S36). Each monomer in the crystallite must first be obtained from the melt and hence costs energy . In the crystallite, a monomer shares its bond with its nearest neighbors. Thus, the total energy
In order for the expressions (S38) and (S39) to be equal for arbitrary choices of # we must have
which immediately yields the parameters ´ and in terms of = and ? :
We started our simulations from small random crystallite nuclei containing 1 to 8 monomers. These are depicted at the top of Fig. 4 in the main text. At the actual experimental temperatures around 500 K the growth is extremely slow. This is because overgrowing a facet with a new layer starts with a sequence of highly unfavorable attachment steps. For example, the formation of a stable island on a 3-monolayer-wide facet along the minimum energy path requires a sequence of 5 very rare attachment steps with probabilities on the order of 10 )AA , 10 )F , 10 )A , and 10 )ç , respectively. Thus, to increase computational efficiency we ran the simulations at 650 K, we blocked monomer attachment on flat surfaces due to low reactivity (see surfactant desorption barriers), and we increased the sticking probability of single monomers to avoid repeated detachment and attachment steps.
A typical growth sequence is shown in Supplementary Movie 1 and a statistical summary of the results from 1000 simulation runs is shown in Fig. 4 in the main text. By increasing the temperature even further, for example to 1500 K, we observed that the selective growth of narrow facets is completely suppressed, and the crystallites grow isotropically (see Supplementary Movie 2). These results are consistent with the 2D nucleation model presented in the main text.
Due to the high step energy of growing islands, the crystal facets in our simulations are almost perfectly flat: an island either quickly re-dissolves or overgrows the complete facet.
Therefore, we can conveniently describe these crystals by the three side lengths of a rectangular box. We use the largest box spanned by the lattice points containing no unoccupied sites. We define the shortest side length as the thickness. Then the characteristic side length of the nanoplatelet is given by the square root of the maximum projected area of the box. In Fig. 4 in the main text we plot the thickness versus characteristic side length for a set of nanocrystals obtained from simulations starting with small crystal nuclei of various shapes. We observe two types of growth: (i) crystals that reach an increased thickness at early stages in the simulations and grow equally slowly in all directions, forming isotropic crystallites; (ii) crystals that remain thin while growing faster in the other two lateral dimensions, forming extended flat nanoplatelets.
To quantify these observations we assign each nanocrystal obtained from our simulations to one of the growth types from above, based on the aspect ratio between its characteristic side length and thickness. If this aspect ratio is larger than two, the nanocrystal evolved under type-(ii) growth obtaining quasi-two-dimensional shapes. Otherwise, the simulation outcome is better described by type-(i) growth. In total, 94.9% of all simulation runs evolved under the type-(ii)-growth mode. For 2-and 3-monolayer-thick nanocrystals, the fraction of type-(ii) growth was at 100% and 93.4%, respectively. Thicker nanocrystals did not yield strongly anisotropic shapes [only 0.1 % and 0.0 % of 4-and 5-monolayer-thick nanocrystals grew under the type-(ii)-growth mode, respectively]. This is due to their physically (and also computationally) much slower lateral growth rates.
Thus, these kMC simulations give insight into the microscopic mechanism of nanoplatelet growth. Using the simple concepts of nearest-neighbor binding and a penalty for forming edges, these atomistic simulations confirm our 2-dimensional nucleation and growth model. We anticipate that this method will allow us to further explore the parameter space controlling nanoplatelet growth and to investigate its behavior on extended time scales.
g. Evaluation of the model parameters for cubic FeS 2 .
To explore the ability of our model to predict new nanoplatelet materials we investigated crystal growth for cubic FeS 2 (pyrite). These crystals have relatively stable (001) surfaces even when unpassivated S9 .
According to our model, such stability is favorable for platelet growth. We therefore applied
DFT to estimate the model parameters ? and @ (see Supplementary Section 1.c and Supplementary Fig. 20 ). To account for the magnetization of pyrite surfaces S9 we included spin-polarization in our calculations.
For the surface and edge energies we obtained values of ? = 64 meV/Å 2 and @ = 47 meV/Å, respectively. These results show that a considerable fraction of the stepformation energy during island growth is due to the edge energy:
This edge contribution disappears wherever the island has reached the boundary of the underlying surface facet explaining why crystal growth on wide facets can have higher energy barriers than on narrow facets (see Fig. 3a in the main text). Based on these results we conclude that under appropriate experimental conditions, in the absence of diffusion-limitations, the formation of FeS 2 nanoplatelets could be possible.
This prediction was then tested via colloidal synthesis (see Methods). Our results show that indeed NPLs are formed (see Supplementary Fig. 13 ). The obtained platelets have the cubic crystal structure and a stoichiometry of FeS 2 (i.e. pyrite). Our data are also consistent with a thickness of two monolayers. Moreover, by varying the growth conditions (e.g. temperature and concentration), we were unable to synthesize thinner or thicker pyrite NPLs. From the absence of 3-monolayer-thick nanoplatelets we then estimated that the formation energy of pyrite per unit volume is = = 24 meV/Å 3 under our experimental conditions (see Supplementary Section 1.c).
Supplementary Fig. 21 shows the resulting energy paths during crystal growth on 1-monolayer-thick, 2-monolayer-thick, and wide facets. We see that under these conditions only a single instability exists for the 2-monolayer-thick nanoplatelets. Monolayer sheets are not stable because their surface-to-volume ratio is too large, leading to a positive slope of the energy curve during narrow-facet growth. The activation energy for growth on a 2-monolayer-thick facet is 0.26 eV lower than on a wide facet. This implies that lateral growth is three orders of magnitude faster than growth in the thickness direction under our experimental reaction temperatures.
Therefore, we have successfully applied the concepts of our model to obtain NPLs of cubic FeS 2 , a new material system. From our DFT study we could conclude that this material has suitable surface properties-low surface energy and high step energy-to grow anisotropically as a quasi-2-dimensional material. This was then experimentally confirmed. NPLs. The bright-field microscopy image (left panel) was recorded using a Nikon D3200 digital camera (white balance 3500 K) coupled to an inverted Nikon TiU microscope using a 2x (0.06 numerical aperture) objective under bright-field illumination. The field of view of the image is 0.51 mm in height. The image was projected onto the entrance slit of an imaging spectrograph (Princeton Instruments, Acton SP2358) under blue illumination at 385 nm (light-emitting diode) and dispersed using a 150 gr/mm grating. The resulting spectra along the line trace (white vertical line in the bright-field image) were recorded using a CCD camera (PIXIS 256E). The spatio-spectral information obtained from this experiment reveals that 3-monolayer NPLs (peak at 460 nm) are formed exclusively in the Cd(myristate) 2 /Se melt (see red spectrum above the spatiospectral map). At the interface between this melt and the solvent (ODE), the signal of 3-monolayer NPLs (peak at 460 nm) rapidly vanishes (green spectrum) and is completely absent in the solution (magenta spectrum). Hence, in solution, polydisperse quantum dots (QDs) are formed by classical diffusion-limited growth giving rise to the broad peak around 600 nm while non-diffusion-limited growth in the melt yields CdSe NPLs. 
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